I. Introduction
Dentinal hypersensitivity has been defined as a short, sharp pain arising from exposed dentine as a result of various stimuli such as heat, cold, chemical or osmotic, that cannot be ascribed to any other pathology (1) . Although dentin hypersensitivity is a common clinical condition and is generally reported by the patient after experiencing a sharp, short pain caused by one of several different external stimuli, it is often inadequately understood. The purpose of this review is to discuss different available diagnostic approaches and assessment methods used, in order to suggest a basis to diagnose, monitor, and measure these challenging painful conditions related to dentin hypersensitivity.
Objective
To evaluate the effectiveness of tactile test in diagnosing dentinal hypersensitivity compared to other diagnostic tests. 
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INCLUSION CRITERIA
Criteria for considering studies for this review Types of studies Randomized controlled trials in which the tactile stimulation is used for testing dentinal hypersensitivity along with other diagnostic aids.
Types of Participants
Patients of age greater than 18 years having dentin hypersensitivity.
Types of Interventions
Dentin hypersensitivity evaluated using tactile stimulus after the daily home use of dentifrice.
Types of Outcome Measures
Effectiveness of diagnosing dentinal hypersensitivity by tactile stimuluscompared to other methods of diagnosis.
EXCLUSION CRITERIA
The following studies were excluded Studies comparing dentifrice to in office application Studies in which desensitizing agents other than dentifrices were used
V. Data Collection and Analysis
Study Selection:
The title, keywords and abstracts of reports identified from electronic searching for evidence of following criteria were examined: Randomized controlled trials in which the tactile stimulation is used for testing dentinal hypersensitivity along with other diagnostic aids
Data Extraction:
Data extraction form was piloted based on several papers and modified as required before use. All studies meeting the inclusion criteria then underwent quality assessment and data extraction. Studies rejected at this or subsequent stages were listed as excluded studies.
For each trial the following data were recorded: Year of publication, and country of origin Details of participants including demographic characteristics and criteria for inclusion Details of the type of intervention Details of outcome reported (Method of assessment and mean duration of study) 
CHART 1: SEARCH FLOW CHART
VI. Results
Description of Studies
The search identified 60 publications out of which 13 publications were excluded after reviewing the title or abstract. Full articles were obtained for 47 studies. A total of 42 publications fulfilled all criteria for inclusion. Desensitising mouthwash has been used in the study Orsini et al, 2013 Desensitising mouthwash has been used in the study Hu et al,2013 Desensitising mouthwash has been used in the study Hamlin et al, 2012
Study compared dentifrice to in office application Patsouri et al, 2011
Study compared dentifrice to in office application Schiff et al, 2009 Study compared dentifrice to in office application Leight et al, 2008 Desensitizing foam has been used in the study Poulsen et al, 2006 Review article Aswapati et al, 2005 No tactile has been performed and the study has evaluated gingival and plaque indices Pererira et al, 2001 Desensitising mouthwash has been used in the study Orchardson et al, 2000 Review article Yates et al, 1998 Desensitising mouthwash has been used in the study Gilliam et al, 1996 Desensitising mouthwash has been used in the study Parkinson et al, 2013
Full Tactile test showed 26.1% more reduction than air blast on comparing 0.3% Triclosan+2% PVM/MA+0.243% NaF group and 0.454% SnF+HMP+Zinc lactate group, 11.4% more reduction than air blast on comparing .3% triclosan+2% PVM/MA+0.243% NaF group and 0.243% NaF and 18.2% less reduction than air blast on comparing 0.454% SnF+HMP+Zinc lactate and 0.243% NaF group during 4 weeks evaluation.
Tactile test showed 10.7% more reduction than air blast on comparing 0.3% Triclosan+2% PVM/MA+0.243% NaF group and 0.454% SnF+HMP+Zinc lactate group, 27.1% more reduction than air blast on comparing .3% Triclosan+2% PVM/MA+0.243% NaF group and 0.243% NaF and 7.6% more reduction than air blast on comparing 0.454% SnF+HMP+Zinc lactate and 0.243% NaF group during 4 weeks evaluation. Tactile test showed 16.8% more reduction than air blast on comparing colgate sensitive pro-relief and Sensodyne rapid relief group, 38% more reduction than air blast on comparing colgate sensitive pro-relief and crest cavity protection group and 12.4% more reduction than air blast on comparing Sensodyne rapid relief group and crest cavity protection group during 2 weeks evaluation.
Tactile test showed 6% less reduction than air blast on comparing colgate sensitive pro-relief and Sensodyne rapid relief group, 70.3% more reduction than air blast on comparing colgate sensitive pro-relief and crest cavity protection group and 30% more reduction than air blast on comparing Sensodyne rapid relief group and crest cavity protection group during 4 weeks evaluation.
Tactile test showed 32.3% more reduction than air blast on comparing colgate sensitive pro-relief and Sensodyne rapid relief group, 64.8% more reduction than air blast on comparing colgate sensitive pro-relief and crest cavity protection group and 38.5% more reduction than air blast on comparing Sensodyne rapid relief group and crest cavity protection group during 8 weeks evaluation.
Li et al, 2011
Immediate and 7 days Tactile test showed 39.1% more reduction than air blast on comparing colgate sensitive pro-relief and Sensodyne rapid relief group, 46.2% more reduction than air blast on comparing colgate sensitive pro-relief and crest cavity protection group and 0.1% more reduction than air blast on comparing Sensodyne rapid relief group and crest cavity protection group on immediate evaluation after application of respective dentifrice.
Tactile test showed 18.3% less reduction than air blast on comparing colgate sensitive pro-relief and Sensodyne rapid relief group, 10.2% less reduction than air blast on comparing colgate sensitive pro-relief and crest cavity protection group and 1.4% more reduction than air blast on comparing Sensodyne rapid relief group and crest cavity protection group after 7 days evaluation. Tactile test showed 101.4% more reduction than air blast on comparing 8% Arginine+CaCO3 and 5% KNO3 group, 122.2% more reduction than air blast on comparing 8% Arginine+CaCO3 and control group and 11.9% more reduction than air blast on comparing 5% KNO3 group and control group on immediate evaluation after application of respective dentifrice.
Tactile test showed 77% more reduction than air blast on comparing 8% Arginine+CaCO3 and 5% KNO3 group, 110.3% more reduction than air blast on comparing 8% Arginine+CaCO3 and control group and 11.3% more reduction than air blast on comparing 5% KNO3 group and control group after 3 days evaluation.
Ayad et al 2009
Immediate and 3 days
Tactile test showed 86.9% more reduction than air blast on comparing 8% Arginine+CaCO3 and 5% KNO3 group, 89.9% more reduction than air blast on comparing 8% Arginine+CaCO3 and control group and 6.6% less reduction than air blast on comparing 5% KNO3 group and control group on immediate evaluation after application of respective dentifrice.
Tactile test showed 60.4% more reduction than air blast on comparing 8% Arginine+CaCO3 and 5% KNO3 group, 82.9% more reduction than air blast on comparing 8% Arginine+CaCO3 and control group and 0.4% less reduction than air blast on comparing 5% KNO3 group and control group after 3 days evaluation. Docimo Tactile test showed 9% (2 weeks) less reduction, 9.6% (4 weeks) more reduction, 14.4% (6 weeks) more reduction and 4.2% (8 weeks) less reduction in hypersensitivity than air blast test on comparing NaF group and placebo group.
Addy et al, 1997
2 and 6 weeks Tactile test showed 6% less reduction in hypersensitivity then air blast test overall.
Silverman et al, 1996 2, 4 and 8 weeks
Tactile test showed 7.3% (2 weeks), 5.7% (4 weeks) and 17.3% (8 weeks) more reduction in hypersensitivity than air blast test on comparing 5% KNO3+0.243% NaF and placebo group.
Tactile test showed 11.1% (2 weeks), 17.1% (4 weeks) and 1.9% (8 weeks) more reduction in hypersensitivity than air blast test on comparing 5% KNO3 and placebo group.
Tactile test showed 0.4% (2 weeks), 13.6% (4 weeks) less reduction and 9.3% (8 weeks) more reduction in hypersensitivity than air blast test on comparing 10% SrCl2 and placebo group. Nagata et al, 1994
2, 4, 8 and 12 weeks
Tactile test showed 9% (2 weeks) less reduction, 0% (4 weeks) reduction/no difference, 6% (8 weeks) more reduction and 2% (12 weeks) more reduction in hypersensitivity than air blast test in 5% KNO3 group.
Tactile test showed no difference (2 weeks), 2% (4 weeks) more reduction, 1% (8 weeks) less reduction and 5% (12 weeks 
TACTILE TEST Vs COLD TEST
Among the 41 clinical trials, 4 clinical trials evaluated the reduction in dentin hypersensitivity in patients treated with respective dentifrice by using tactile test and cold test (15, 20, (23) (24) . Cold test showed more percentage reduction in dentinal hypersensitivity when compared to tactile test.
Out of the 4 clinical trials, 2 clinical trials used Novamin as the desensitizing agent. In the remaining 2 trials, potassium citrate, potassium nitrate and sodium fluoride were used. Cold test was effective in all the trials except in the trial which used Novamin and potassium nitrate (15) .
TACTILE TEST Vs THERMAL TEST
Among the 41 clinical trials, 2 clinical trials evaluated the reduction in dentin hypersensitivity in patients treated with respective dentifrice by using tactile test and thermal test (18, 23) . Tactile test showed more percentage reduction in dentinal hypersensitivity when compared to thermal test.
Tactile test showed significant results in both the clinical trials which used Arginine, potassium citrate and sodium fluoride as the desensitizing agents.
TACTILE TEST Vs SUBJECTIVE PATIENT RESPONSE TEST/VAS
Among the 41 clinical trials, 12 clinical trials evaluated the reduction in dentin hypersensitivity in patients treated with respective dentifrice by using tactile test and subjective patient response. Tactile test showed more percentage reduction in dentinal hypersensitivity when compared to subjective patient response test in 11 trials (12, 16, 21-22, 24, 39-41, 44-45, 47-48) .
Among the 12 trials, 6 clinical trials used sodium fluoride as the desensitizing agent, out of which all trials showed significant results for tactile test. 5 clinical trials used potassium nitrate as the desensitizing agent, out of which, all the trials showed significant results for tactile test. 1 trial used strontium acetate, 1 trial used Arginine, 1 trial used Novamin, 1 trial used stannous fluoride as the desensitizing agents. All these trials showed significant results for tactile test when compared to subjective patient response. Strontium chloride was used in 2 trials, among which 1 trial(48) showed significant result for subjective patient response test when compared to tactile test.
DEFENDING THE RESULTS
Dentin hypersensitivity is characterized by distinctive short, sharp pain arising from exposed cervical dentin in response to various external stimuli that are typically thermal, evaporative, tactile, electrical, osmotic, or chemical, which cannot be ascribed to any other form of dental pathology, defect, or disease. Typically, dentin hypersensitivity occurs when the external stimulus contacts exposed dentin surfaces with open and patent tubules (1) . The different stimuli trigger a rapid outflow of dentin fluid, and the following pressure change across the dentin activates baroreceptors near the pulp, leading to cause an immediate sharp pain (1). Tactile, cold, evaporative, and osmotic stimuli trigger the non-physiological fluid outflow. On the other hand, heat induces a slow retreat of dentin fluid, and the resultant pressure change activates the baroreceptors and nerve fibers in a less dramatic fashion, consistent with the observation that cold and evaporative stimuli are generally more painful to patients than heat.
Different methods of applying tactile stimuli include scratching the dentin surface with a sharp probe, scaling procedure as well as mechanical pressure stimulators and more recently the Yeaple probe.
The Yeaple probe is an electronic pressure sensitive device originally designed to function as a pressure controlled periodontal probe. The probe is designed to deliver a pre-set force when the tip is applied perpendicular to the tooth surface. This force may be varied by regulating the current by means of a dial to an electromagnet controlling tip position (49) .
The main advantage of the Yeaple probe is that tactile sensitivity can be reported in terms of a quantifiable, reproducible force. The probe tip also affords access to all tooth surfaces.
On the other hand, cold water testing lacks objectivity. It is difficult to determine how much water has been placed on the tooth and the timing of this placement. It is also difficult to control the flow of water and confine to a specific tooth. Furthermore, the intensity of the pain perceived by the patient at the temperature which first produced a positive response was not evaluated (49) . In addition to this, cold water test requires rubber dam isolation of the tested teeth and placement of rubber dam in patients with cervical dentinal hypersensitivity is difficult.
The use of prolonged air blast test has been criticized. Branstrom demonstrated that if human dentin was dried with a stream of air for 5min, it remained insensitive to painful stimuli, as long as it was kept dry. Furthermore, evaporative water loss from the dentin caused displacement of odontoblast nuclei into the tubules (49) . The air blast test showed less percentage reduction in dentin hypersensitivity as the test used Schiff Cold air Sensitivity Scale, which had very few scoring system numbered from 1 to 4.
Pain is a subjective experience in which perception is based on a range of variables, including: individual personality, psychological factors, degree of fear or anxiety, cultural factors, and social influences. In view of the broad range of different expressions in response to same stimulus, objective methodology is needed to quantify subjective patient response as far as possible.
REPORT ON QUALITY OF EVIDENCE LOOKED UPON
41 trials were included in this review. All the studies included in this review are of level of evidence 2. All are randomized clinical trials, thus the level of evidence is high. Risk of biasis low in 5 clinical trials, high in 2 clinical trialsand the remaining trials had moderate risk of bias. (Table 11&12) 
REPORT OF OUTLIER DATA
No outlier data obtained.
INFERENCE
IMPLICATIONS FOR PRACTICE
Tactile test (Yeaple probe) can be used in the evaluation of dentin hypersensitivity because it performed better than other diagnostic tests.
IMPLICATIONS FOR RESEARCH
Since tactile stimuli with yeaple probe has given better results, it is recommended that, it be used as a standard tool for assessing hypersensitivity quantitatively and evaluating the efficacy of new desensitizing agents.
VIII. Summary
The aim of this systematic review is to evaluate whether tactile test is better in diagnosing dentinal hypersensitivity when compared to other diagnostic tests.
The databases PubMed Central and Medline were searched for the related topic until August 2013. The search identified 60 publications out of which 13 were excluded after reviewing the title or abstract. Full articles were obtained for 47 studies, 6 of these articles were excluded after reading the full text article. Therefore a total of 41 articles fulfilled all criteria for inclusion.
This review included 41 randomized controlled trials in which effectiveness of tactile was compared with other diagnostic tests in evaluation of dentin hypersensitivity. Clinical parameters comparing tactile test with other diagnostic tests (Air blast test, Cold test, Thermal test, Subjective assessment/VAS) were checked as primary outcomes. With the available evidence, it was concluded that tactile testing, especially with Yeaple probe, performs better than other diagnostic tests in evaluation of dentin hypersensitivity. As most of the included studies have moderate risk of bias, well designed randomized controlled studies with long term follow up must be performed to give concrete evidence on the effectiveness of tactile test in evaluation of dentin hypersensitivity.
IX. Conclusion
With the available evidence, this review concludes that Tactile test with Yeaple probe shows more percentage reduction in dentinal hypersensitivity when compared to other diagnostic tests. Tactile testing is recommended as a better tool in diagnosing dentin hypersensitivity and in comparing efficacy of various agents in treatment of dentin hypersensitivity.
